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• Space radiation environment is harsh
leading to failures.
Particularly important for SmallSats:
➢ Low Cost (COTS)
➢ Low Shielding (Weight)
➢ Extension beyond Low Earth Orbit.
• Micro-SD cards (μSDC) are critical
components of small satellites, for high-
density memory.
Objective: Test for environmental-induced
radiation damage of μSDC and other
electronics.
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Types of Ionizing Radiation and Shielding Required
Source: U.S Department of Health & Human Services
(Ions, Protons)









10-2 Gy CT Scan
Chest X-Ray
Annual Dose Limit for 
General Public (USA)

















TID in Gray (Gy) = 
𝑘𝐽 𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑑
𝑘𝑔
Reversible vs. Irreversible Radiation Damage
Reversible Damage Irreversible Damage
Includes “soft errors”:
• Single Event Upset (SEU)
• Single Event Functional Interrupt (SEFI).
Includes “hard errors”:
• Total Ionizing Dose (TID)
• Single Event Latch-up (SEL). 
No permanent damage. Permanent damage when TID threshold is reached.
Can be restored generally through a reset. Can not restore the functionality.
Typically, very high energy proton or ion radiation. Typically, from beta or gamma radiation. 
Energies concentrated in a single event. Energies distributed over many events. 
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➢ 7 kinds of μSDC (2 with 4 multiples).
➢ 13 cards.
➢ 4 memory capacity sizes ( 4 GB to 32 GB).
➢ 2 NAND Types.
➢ 3 cost ranges.
Micro-SD Cards Under Investigation
1 cm
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Space Survivability Test Chamber 
• A versatile test facility at USU
designed to study space
environments effects on small
satellites and system components.
• Simulates several critical
characteristics of the space
environment: electron flux, ionizing
radiation, photon flux, temperature,
and neutral gas environment.
• The test described herein used a ~90
mCi 90Sr source emitting broadband
penetrating beta radiation of
approximately 0.2 to 2.5 MeV.
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Duhoon, et al. Beta
10, 20, 40, 60, 




(~ 2 X Polar)
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Kimura, et al. Gamma 200 108 50000 X 8
Oldham, et al. Gamma
100, 200, 300, 
500, 750, 1000  
1080 50000 X 8 
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How well do μSDC
work.
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Analysis of Pre-Radiation Baseline Read/Write Speed Test
Read/Write Tests
Read/Write Speeds (MB/s)  (±std. dev.) Number of Tests 
FilteredAll Tests Filtered Tests






15 of 195 (8%) 
















































10 of 195 (5%)
All Read/Write Tests (±14%) (±8%) 92 of 1560 (6%)
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• More stats (15 tests)
• Used to gauge what 
meaningful  change is
• > 10% of change is 
meaningful.
• Green vs White: Minor 
corrections for outliers 
using Chauvenet’s 
criterion  for ~ 6% of 
tests.
Failure Criteria for μSDC Tests
• Quantitatively compared Post-Radiation tests
with the baseline tests.
• The SD Card Formatter and FakeFlashTest
failure tests were pass/fail.
• A card failed if the fractional change in
read/write speed exceeded the fractional




























● Five iterations were performed at three intervals - 2 hrs after radiation, 4 hrs after radiation and 24 hrs after
radiation.
● Each iteration required ~1/2 hr.
● After the last TID interval (cumulative TID of 1000 Gy), recovery tests on the failed cards were performed
continuously for 3 days to determine if and when any of the errors recovered; they did not.
Final







Analysis of Read/Write Speed Tests (Post-Radiation)
Example when everything 
PASSED.
Example when minimal 
FAILURES that recovered.
Example with lot more 
FAILURES.
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● All in all, almost everything worked until the radiation got up to 200 Gy, which is ~10X the annual dose for a typical
shielded CubeSat in LEO.
● Above 200 Gy, we started to see lot more failures and by the time the cards reached 1000 Gy TID, ~25% of the them
failed.
● Recovery Tests suggests that everything recovered below 600 Gy.
● Both recovery tests and Read/Write speed change suggests more sensitivity than just Pass/Fail test.
● Perhaps early prediction of impending failure.
● The results of TID failures over the range of TID intervals due to beta radiation were consistent with the results of




Future Work and Acknowledgements
● Better statistical analyses will be performed.
● More types of cards will be included.
● Tests will be performed between biased and unbiased micro-SD cards.
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